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Abstract 
Huss-Danell. K. & Lundniark. J.-E. 1987. Growth of t~ifroget~-fising Alnus incana and Lupinus 
.rpp. for resrorution o f  degetzerat~d foresi soil tf l  tmrilzern Swden.  St udia Forestalia Suecica 1 8 1 . 
20pp. ISSN 0039-31 50. ISBN 91-576-35 16-1. 
In the interior of northern Sweden. more than 100.000 ha of prev~ously productive forest land 
have degenerated soils. The presently thin humus layer and the resulting lack of minerahzable 
nitrogen and organic material results from strongly reduced litter production on the now almost 
tree-less areas. Intense forest fires in the past. as well as unfavourable forestry practices, are likely 
to have caused this situation. Cultivation of nitrogen-fixing plants, the native grey alder. Alnus 
i~icana (L . )  Moench. and introduced lupins. especially Lupinus tzootkatensis Donn. was tried in the 
present stydy as a means of soil restoration. 
After 7 to 9 years. mesic sites with a temperature sum of 9800  daydegrees during the growing 
season gave higher survival and better growth of A .  incana than did drier or cooler sites. At the 
northernmost. coolest site. L. nootkatensis performed very well while A .  rtzcana did not. Liming 
and, to some extent. soil scarification improved establishment of L. nootkatensis. 
Various amounts of alder leaves were repeatedly deposited every year to the soil in small 
experimental plots and the effects on soil properties were evaluated after 6 years. Nearly 1000 kg 
dry mass leaf litter per hectare was cons~dered to be a realistic yearly production from dense A. 
incanu stands. Such aniouns gave a thicker humus layer with a comparably higher pH, a higher 
degree of base saturation. and a higher content of N,,,, and mineralizable N. 
Aspects of the biology and the handling of A ,  itzcuna and L. nootkatensis are discussed. to serve 
as a guide in a choice between the two species for soil restoration pruposes. 
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fixation. organic niater~al. soil restoration. Sweden. 
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Introduction 
Degenerated forest soils are soils that have earlier 
been productive. but are now impoverished in terms 
of organic material. Such soils have a very low forest 
production and are expected to  stay so for a long 
time. The soils have typically a thin humus layer of 
mor-type and there is thus a lack of both organic 
material and available nitrogen. Below the thin hu- 
mus layer, typically degenerated forest soils have a 
rather deep, leached horizon in the podzolic profile. 
which indicates the previous existence of a produc- 
tive, litter-producing stand. That previous litter pro- 
duction sustained a humus layer which was at that 
time much thicker than presently. Common causes of 
the present soil degeneration in northern Sweden are 
repeated. intense forest fires (Zackrisson. 1981; En- 
gelmark, 1984), forestry practices (e.g. dimension 
felling. topping). and windthrow. all of which result 
in low litter production. The degeneration of the soil 
can be aggravated or  preserved by intense reindeer 
grazing (Haggstrom, 198 1 ). 
Although the degenerated forest sites are not parti- 
cularly dry, they are characterized by a lichen-domin- 
ated (mainly Cladonia spp.) ground layer and the 
field layer usually consists of a sparse cover of Cal- 
luna vulgaris (L.) Hull. and Empetrum spp. Further- 
more, the sites are treeless or have very sparsely 
stocked stands of Scots pine (Pinus sylvestris L.)  with 
some small birches (Betula pendula Roth and B. 
pubescens Ehrh. ). 
Today the degenerated sites are classified as non- 
productive land (site productivity <1 forest cubic me- 
- tre per ha and year) o r  nearly so. Compared to sites 
nearby, which are not degenerated, the soil degenera- 
tion is estimated to cause an average productivity loss 
of about 3 forest cubic metres per ha and year. 
Degenerated mesic sites are particularly common 
in the interior of northern Sweden. In the two north- 
ernmost counties (Norrbotten and Vasterbotten) 
about 100000 ha on till and about 10000 ha on 
sediments are classified as degenerated (Lundmark & 
Huss-Danell. 198 1). These areas constitute about 
1.5% of the total productive forest area in these two 
counties. In addition to the low productivity of the 
degenerated soils, these sites are often a problem for 
forestry in other respects, e.g. frost heaving. low soil 
temperature, ground frosts. and fungal diseases 
(Haggstrom, 198 1, and references therein). 
The natural regeneration of the degenerated soil 
can be expected to take as long as 200-300 years. It 
is, therefore, of great interest to  find methods for 
more rapidly restoring the sites. We see three possibi- 
lities of rebuilding a thicker. nitrogen-rich humus 
layer. One possibility would be to  establish conifers. 
and add fertilizers very often in small portions o r  in 
the form of irrigation-fertilization (cf. Ingestad. 
1980). Another possibility would be to  add nitrogen- 
rich organic material. e.g. peat, to  the soil. A third 
possibility would be to  use biological fertilization in 
the form of nitrogen-fixing plants. Nitrogen-fixing 
plants can utilize N2 as nitrogen source. These plants 
produce leaf litter that has a higher nitrogen percen- 
tage than litter from most other species and will thus 
add nitrogen-rich organic material to  the soil. 
Of possible nitrogen-fixing species the grey alder. 
Ainus incatla (L.) Moench, is the only native actino- 
rhizal plant in these areas (HultCn. 197 1 ). Altzus in- 
cana is a small, pioneering, single or multiple 
stemmed tree. considered hardy and able to  grow on 
various sites (Tallantire. 1974; Schwabe. 1985). In 
northern Sweden it occurs on forest sites within a 
broad range of soil moisture and texture classes. It 
grows mainly on mesic and moist soil and dominat- 
ing texture classes are medium sand and fine sand 
(Lundmark & Huss-Danell. 198 1). Alnus incana can 
regenerate by seeds. stump sprouts and root suckers. 
The nitrogen-fixing root nodule endophyte. Frankiu, 
is common in forest soil. including degenerated forest 
soil, in northern Sweden (Huss-Danell & Frej. 1986). 
Previous trials with A .  incana for forest soil improve- 
ment in Sweden are very limited (Tamm. 1947: V. 
Soderstrom, pers. comm.). but nursery and field 
trials in Finland were very promising (Schalin, 1966). 
Native legumes are very rare. and interest was fo- 
cused on introduction of lupin (Lupinus) species. Se- 
veral species (mainly L. polyphyllus and L .  luteus) 
have been successfully used in Germany and other 
European countries (Mikola et al.. 1983). Earlier 
trials with lupins in Swedish forestry are few (Tamm. 
1947), but Hesselman (19 17) mentions the positive 
effect of L. perennis on young Scots pine on a pine 
heath in southwestern Sweden. Lupinus nootkatensis 
has successfully been introduced in Iceland on eroded 
soil and on sandy and gravelly flats (Arnalds, 1979). 
In the present investigation, the establishment. 
growth, and development of nitrogen-fixing A .  in- 
cana and Lupinus spp. were studied on degenerated 
forest soil in the interior of northern Sweden. Four 
sites with various site characteristics were included in 
our study. Effects of adding alder leaves to  the soil 
were also studied. At a later stage, the impact of 
successfully established nitrogen-fixing plants on the 
soil will be evaluated. 
Sites and methods 
Sites ductive site and was included in the study for com- 
Table 1 shows the location and climate and Table 2 parative purposes. Haradsheden carried a 110-year 
gives the soil characteristics of the four sites Skalla- old Scots pine stand ( 1  100 stems.ha-') but the other 
rimheden. Riksdagsytan. Kiuhtisvaara and Harads- sites were treeless. 
heden. Skallarimheden, Ridsdagsytan. and Kiuhtis- Skallarimheden has a slight north slope and a se- 
vaara are considered to have typically degenerated vere exposure to northerly winds. The latest conifer 
soils. Haradsheden is considered a primary iowpro- stand. thinned in 1943, was damaged by windthrow 
Table 1 .  Location arid climate o f  the stu& sites. T,,, (= ternpet-ature sum), precipitation and humidity refer to 
~ r o ~ ~ i r r ~  season 
Growing 
season 
Latitude. (No. of days 
longitude. with mean T,,,,,, Precipi- 
altitude temperature t day- tation Humidity 
Studv slte (m a.s.1.) >+S0C) degrees) (nun) (mm) 
Skillarimheden 66.5 O N .  135 
20.2 "E. 
280 
Riksdagsytan 66.3 O N .  134 
20.0 "E. 
K~uhtisvaara 67.7 ON. 130 
23.4 "E. 
300 
Haradsheden 66.1 O N .  140 
20.9 "E. 
60 
Table 2. Soil properties of the study sites at start of the experiments. A. = organic horizon, A,  = humus-mixed 
mineral soil, A2 = leached horizon. pH-values within brackets are weighted values. Ground vegetation type and 
reference values refer to the corresponding non-degenerated dwarf-shrub type in northern Sweden. From each site 
4-6 samples (from together 60-120 different points) of the humus layer have been collected and analysed 
Profile characteristics Humus layer 
Soil 
Texture type: (domi- Base depth Organic 
nating mine- of A?- Thick- material N,,, Ground 
Moisture Material particle ral horizon ness (ton (kg. vegetation 
Study site class type size) index (cm) (cm) ha-') pH cH,ol ha-') type 
Skallarimheden mesic morainic fine and 13 
medium 
sand 
Riksdagsytan mesic morainic medium 7 
and fine 
sand 
Kiuhtisvaara mesic morainic medium 1 1  
sand 
Haradsheden dry late medium 9 
glacial and fine 
sediment sand 
Reference mesic morainic fine and 12 
medium 
sand 
podzol 
3.2 
podzol 
3.8 
podzol 
4.6 
podzol 
2.8 
podzol 
5-6 
A o : 0 . 4  3.61 
A,: 0.7 4.63 
sum:l . l  8.24 
Ao: 1.4 14.21 
A,: 1.2 11.11 
sum:2.6 25.32 
Ao: 0.8 4.67 
A , : 0 . 9  3.88 
sum: 1.7 8.55 
Ao: 5 -6 40-50 
A,: 0.5-2 5-10 
sum:5.5-8 45-60 
3.81 60 lichen type 
3.90 66 
(3.88) 126 
3.90 272 lichen type 
4.08 137 
4.21 271 lichen type 
4.22 275 
(4.22) 546 
4.06 79 lichen type 
4.38 64 
(4.34) 143 
3.8-4.2 500-600 Vaccinium 
4.0-4.4 100-200 myrtillus 
(3.9-4.3) 600-800 type 
and had to be clear-felled in 1949 (F. Ebeling. pers. 
comm.). Further information about the site is given 
in Muss-Danell (l986h). 
Riksdagsytan is on a southeast slope. The latest 
tree stand was clearfelled in 1939 and remaining seed- 
trees were removed in 1953. In 1953. 14000 pine 
seedlings per ha were found. but this number de- 
creased gradually to  only 100 seedlings per ha in 1978 
(F. Ebeling, pers. comm.). Considerable amounts in 
the soil of charcoal fragments from Norway spruce 
(Picea abies (L.)  Karst.) indicate that this species 
largely influenced the site until a very intense forest 
fire in 1652 ( 0 .  Zackrisson. pers. comm.). The latest 
forest fire was dated to  1693. 
The Kiuhtisvaara site is on a SSE slope. The 
strongly stratified pine forest was clear-felled in 1947. 
and topping and notching were performed in 1954 
and 1955, respectively (S. Winsa, pers. comm.). The 
few seed-trees were felled in the early 1970s. At the 
beginning of the present study. a field layer covered 
80% of the ground and was composed of Calluna 
vulgaris ( L . )  Hull. (75%). Empetrum hermuphroditum 
Hagerup (1 5%). Vaccir~ium vitis-idaea L.. V .  uligino- 
sum L., V ,  myrtillus L.,  Arctostaphylos uva-ursi (L. 1 
Spreng. and A.  alpinu (L.) Spreng. The bottom layer 
covered 65% of the ground. Lichens (mainly Cladonia 
spp.) constituted two thirds and mosses (mainly 
Pleurozium schreberi (Brid.) Mitt. and Dicranurn sp.) 
one third of the bottom layer. 
The Haradsheden site has been strongly influenced 
by frequent forest fires in the past. Fire has been 
recorded about every 50 years from before 1274 until 
1715. The latest fire occurred in 1847 ( 0 .  Zackrisson, 
pers. comm.). The field layer at the site in 1977 
covered about 20% of the ground. and was dominat- 
ed by V .  vitis-idaea while C .  vulgaris. E.  hermaphrodi- 
tum and A. uva-ursi formed a minor part of the field 
layer. About 80% of the ground had a bottom layer 
and this was composed of reindeer-grazed Cludorzia 
spp. and only few plants of mosses (Polytrichum jurzi- 
perinum Hedw., Pleurozium schreberi). 
Plant material and experimental design 
Alnus incuna 
The experimental design for alder plant ing is given 
in Table 3. In 1977- 1979 naturally occurring seed- 
lings of A .  irlcana were collected, mainly from road- 
cuts (Table 3). The plants were about 0.2 to 0.5 m 
high and were all nodulated. The root system was 
kept as intact as possible. but the amount of soil 
adhering the root system varied. Nursery plants were 
used in 1979 (Table 3). They were raised and inocu- 
lated as described elsewhere (Huss-Danell. 1986h). 
Table 3. Exper ir lw~~d design qf ( i l de~ -p /~~ t i "g s  nt the studl' .sites. Syuure sprrcii~g ~ ~ 7 . s  used. e.ycept of1 plo~ghed soil 
where plmts were placrcl at ur~ifortn di.rtnr~cr.s crlorlg the furmws. F = Jer~crd plot to esclude moose (Alces alces 
(L.))  and reirldeer (Rangifer tarandus (L . ) ) .  P = ploughed soil. R = rncrr1.sirleplc~11t.s. N = rlursery g r o w  plarlts i!f 
A. incana. "66.1 ON 20.9 "E %.6 "h122.3 "E -"67.h ON 23.4 "E 
Planted alders 
S ~ t e  Plot slze Plantlng 
Plot (mxm) bear No Pro\ enance T! pe 
Skallariniheden 
9. F 
7, F 
11 
12 
R~ksdagsytan 
Kiuhtisvaara 
I 
11 
12 
3. P 
13. P 
7. P 
17. P 
Haradsheden 
4. F 
14. F 
7. F 
9. F: 
17 
18 
Harads" 
Harads 
Harads 
Lulei'' 
Harads 
Harads 
Harads 
K i h l a n k ~ ~ '  
Harads 
Harads 
Kihlanki 
Kihlanki 
Harads 
Harads 
Harads 
Harads 
Harads 
Lulea 
The plants were 1.5 years old. on average 0.3 m high. 
and had a small amount of peat adhering to the root 
systems at planting. All plantings were made in mid- 
September when the alders were dormant and leaf 
shedding had begun. 
Lupinus spp. 
The experimental designs for lupin plantings and 
sowings are given in Tables 4 and 5. respectively. One 
annual (Lupinus luteus L. cv. Lima) and three peren- 
nial lupins (L .  arcticus S. Wats., L .  nootkatensis Donn 
and L. polyphyllus Lindl.) were studied. Seeds of L .  
luteus and L. polyphyllus were obtained commercially 
(Weibull Tradgird AB. Landskrona. Sweden). Seeds 
of L.  arcticus were collected at  Frances Lake. Yukon, 
Canada (61.4"N. 129.6"W) by Prof. M. Hagner, 
Umei. Seeds of L. nootkatensis were obtained from 
Vasterbotten's county forestry board (provenance 
Lawing, Kenai. Alaska, USA) and from H.  Bjarna- 
son. Reykjavik, Iceland (provenance Point Packen- 
ham, Prince William Sound, Alaska). 
Bare-root plants of L. nootkatensis were obtained 
from the forest nurseries of Norrbotten's ad Vaster- 
botten's county forestry boards. At Skallarimheden 
very tiny plants o r  pieces of root system from the 
lupin were planted. while plants used at  Kiuhtisvaara 
and Haradsheden were up to 4 years old an very 
vigorous. Potted three-week-old plants of 1.. nootka- 
tensis and L. pol,phyllus were raised in peat in a 
greenhouse and planted at Haradsheden. Lupins 
were planted in June or September (Table 4). 
At Kiuhtisvaara and Haradsheden, sowing was 
also tried (Table 5). Lupin seeds were inoculated with 
Rhizobium immediately before sowing by adding soil 
from growing lupins to  the seeds. At Kiuhtisvaara, 
sowing was done on the ploughed soil by dropping 
some 10- 15 seeds in each seed spot and covering the 
seeds with about 2 cm mineral soil. At Haradsheden, 
various treatments and sowings of the seed spots were 
tried in midJune or  mid-September (Table 5). In 
untreated plots the lichen mat was removed from the 
seed spots, the seeds were dropped into the more or 
less undisturbed mineral soil, and the lichens re- 
placed and trampled firmly on the soil. In one plot 
Table 4. Experimental design of lupin pluntings at the stuLi,. sites. Spucing as in Table 3. F = fencedplot (see Table 
3). P = ploughed soil 
Site Lupin Plot site Planting No. of 
Plot species ( m x m )  time plants 
Skillariniheden 
10. F L. nootkatcnsls 1 0 . 5 ~  10.5 Sept. 1977 36 
Kiuhtisvaara 
6.  P L. rrootkutmsi.~ 30 x30  Sept. 1979 125 
Haradsheden 
I. F L. polvpl!~~llu.s 20 x20  June 1977 20 
2. F L. rroofkutensrs 20 ~ 2 0  June 1977 20 
3. F L. nootkatensis 70 x20  June 1977 20 
16 L. nootkutensis 20 x20  Sept. 1977 25 
Table 5. Experimental design of lupin sowirigs at the studj* sites. Spacing as in Table 3. F= fenced plot (see Table 
3). L = limed seed spots. M = mi-xed mineral soil. P = ploughed soil 
Site Lupin 
Plot species 
Plot size No. of 
( m x m )  Sowing time seed spots 
Kiuhtisvaara 
8. P 
15. P 
4. P 
16. P 
Haradsheden 
1. F 
6. F 
13. F. L 
12. F 
6. F 
5. F. L 
15. F. M 
15. F 
11. F. L 
L. arricus 
L.  articus 
L.  nootkatensis 
L. nootkatensis 
L. arcticus 
L.  luteus 
L.  luteus 
L. nootkatensis 
L.  nootkatensis 
L. nootkatensis 
L. nootkatensis 
L. po1,p~ll~r.s 
L. pol\j~hjdlus 
Sept. 1979 125 
Sept. 1979 125 
Sept. 1979 125 
Sept. 1979 125 
Sept. 1979 72 
June 1977 I00 
June 1977 100 
June 1977 100 
Sept. 1979 100 
June 1977 134 
Sept. 1979 100 
June 1977 110 
June 1977 134 
the mineral soil was mixed thoroughly by hand to 
5- 10 cm depth before dropping the seeds and replac- 
ing the lichen mat. In limed plots 0.25 kg lime (dolo- 
mite) was mixed into the mineral soil of each seed 
spot. which corresponds to  about 3350 kg lime-ha-' 
if calculated over an entire plot. 
Measurements 
Survival and height of the alders and length of the 
longest current year's shoot were recorded in mid- 
September. The presence of root suckers and flowers. 
as well as browsing or  other damage, was noted. 
Survival, plant height. presence of pods. and some- 
times the number of shoots per plant. were recorded 
for lupins in mid-September. Seed germination dur- 
ing the year of revision (seedlings in the cotyledonary 
stage), as well as grazing or other damage of the 
lupins. were also noted. 
Spreading of L .  nootkatensis was studied at  Skalla- 
rimheden. Seed production and numbers of self-sown 
seedlings were estimated. Such seedlings were exam- 
ined for presence of root nodules. 
new. sealed plastic bags. After cold transportation 
and storage (6 4 days). the soil was transferred asep- 
tically into sterilized culture tubes (7  replicate tubes 
per soil). The tubes were closed with cellulose stop- 
pers and contained some sterile perlite. Surface-steri- 
lired (30% H20z for 2x20  minutes. 3x10 minutes 
sterile distilled water) seeds of L. nootkatensis were 
added aseptically to the culture tubes. Tubes treated 
in the same way, but containing only sterile perlite 
and a low-N nutrient solution. served as controls for 
surface-sterility of seeds and for aseptic handling of 
the growth system. To test that the growth system 
permitted nodulation. tubes with soil from a lupin 
plant were sown with L. nootkatensis and otherwise 
treated as tubes with soil samples. All tubes were kept 
in a growth chamber ( I 7  h light at 25°C. 7 h dark at  
15°C) and later on in a greenhouse (day-light supple- 
mented to 17 h light: temperature about 20°C) and 
were watered aseptically with sterile distilled water 
when needed. After four months the lupin root sys- 
tems were carefully examined for presence of root 
nodules. 
Presence of Rhizobium lupini in forest soil Effects of adding alder leaves to the soil 
The presence of lupin root nodule bacteria in forest A field experiment with simulated leaf litter fall was 
soil (Table 6) was studied to determine the future carried out to  give an indication of possible soil im- 
need for inoculation of lupin seeds. Soil was collected provement by alder. Leaves were stripped from a 
aseptically with a spoon and immediately put into naturally growing stand of A .  incarla. dried (about 
Table 6. Summaiy of sites where forest soil samples were collected and analr'sedfor presence of Rhizobium lupini. 
Sampling was made in mid-September 1984. Soil was collected to 10 cm depth from 5-6 spots randomb within 
5x5  m 
Site 
Plot 
Latitude 
longitude: 
m above 
sea level Site characteristics 
Soil 
pH (H,Ol 
Skallarimheden 
40 m from edge of plot No. 10 
150 m from edge of plot No. 10 
200 m from edge of plot No. 10 
Riksdagsytan 
Haradsheden 
plot No. 16 
200 m from lupin plots 
Vidsel 
Ersmark 
66.3 "N 
20.0 "E: 
degenerated forest soil 
(see Tables 1-2) 
4.5 
4.6 
4.4 
(see Tables 1-2) 3.8 
(see Tables 1-2) 
4. I 
Pinus sylvestris, Calluna vulgaris, 4.0 
Vacciniurn &is-idaea, Cladonia 
spp.. Nephroma arcticum, Peltigera 
aphthosa; podzol on sediment 
clear-felled area: Ci vitis-idaea, 3.9 
Ci myrtillus, Deschampsia jlexuosa, 
Pleurozium schreheri; podzol on till 
Table 7. Anzoiints of tninrrul eletnentv a d d d  to the .soil via ,rerir!\, s~rppl\, (4 ulrlrr lea\~.s to e.u/7~ritnentul plots ut 
Hurudsheden. Vu1iie.s are the 6->'ear total for the 6-jwir-period 1978 - / 983 
Amount of element added (kg ha - ' I  
Leaf dry mass added 
(kg ha-' year-') . . .  500 750 1000 2000 3 000 
45"C), broken up and mixed. Amounts correspond- 
ing to 500.750. 1 000.2 000 and 3 000 kg dry mass per 
ha were laid in small plots (1.5 by 1.5 m) at Harads- 
heden in mid-September every year from 1978- 1983. 
As the leaves were in pieces. they were efficiently 
caught in the lichen mat. Subsamples of the dried 
leaves (stored at -20°C) were analysed for mineral 
content (Table 7). In mid-September 1984 soil sam- 
ples (one composite sample per plot) were collected 
and kept frozen during transportation to  Uppsala. 
Chemical analyses 
Fresh samples were used for determination of am- 
monium and nitrate and air-dry samples for other 
analyses. N,,, was determined as Kjeldahl-N. am- 
monium and nitrate were determined according to 
Sveriges Standardiseringskommission (1976 a, 6, c) ,  
and mineralizable nitrogen was determined after 9 
weeks of incubation (NBmmik 1976). Determinations 
of C,,, followed NBmmik (1971) and analyses of cat- 
ions and base mineral index followed Brown (1943) 
and Tamm (19341, respectively 
Results 
Survival and growth of A. incana 
Skallarimheden 
Alders at Skallarimheden survived very well (Fig. 1). 
In all plots the survival was 84-92% after 7 to 9 
years. There were no differences in survival between 
provenances o r  between plant types (roadside or nur- 
sery plants) used. Nor was there any difference 
between fenced and non-fenced plots. The height in- 
crease of the alders was constantly about 0.23 m per 
year (Fig. 2). The length of the top shoot (longest 
shoot of the current year's growth) of the alders was 
very similar to that of naturally occurring young A. 
incana nearby, indicating that the growth of the 
planted alders at Skallarimheden was very much de- 
termined by the environmental conditions at the site. 
Skallarimheden is the only study site where regen- 
eration of A.  itzcana has so far been recorded. In plot 
no. 7 there were on average 0.02. 0.07 and 0.23 root 
suckers per living alder 5. 6 and 7 years after plant- 
ing. respectively. In plot no. 9 there were on average 
0.03. 0.11. 0.40 and 0.56 root suckers per living alder 
6. 7, 8 and 9 years after planting. In plot no. 9 both 
female and male flower buds were found on 2.6, 0.5 
and 11.9% of the alders 7. 8 and 9 years after plant- 
o p O - o - o  
A-A 
\ O-n-n-n-.-.-n 
80 
years after plantmg 
Fig. 1. Survival of A.  lncana planted at Skallarimheden 
(open symbols) and at Riksdagsytan (filled symbol). 0, plot 
no. 9: 0. plot no. 7; 0, plot no. 11; V ,  plot no. 12; A ,  
Riksdagsytan. Further details on  experimental design are 
given in Table 3 .  
Table 8. Development ofplunted alders at Kiuhtisvaaru. 
Height w h m  ure .f+SE. P = ploughed soil 
0 2 L 6 8 
years after planting 
Fig. 2. Height of A .  incana planted at Skallarimheden and at 
Riksdagsytan. Symbols as in Figure 1. i k SE given. unless 
SE is smaller than the symbol. 
ing. Also, in plot no. 7 flower buds were found on 
1.2% of the alders after 7 years. No self-sown alder 
seedlings have yet been observed. 
Riksdagsytan 
At Riksdagsytan. the survival of the alders gradually 
decreased to 66% after 8 years (Fig. 1). The plot was 
not fenced, and a few of the deaths are ascribed to 
reindeer (plants broken near the ground, parts of the 
bark removed, uprooted plants). The growth of the 
alders was very slow (Fig. 2). During their second 
season at the site, the alders increased their height by 
nearly 0.1 m. but during the following years, only by 
0.01 to 0.06 m per year. Some of the alders with dead 
tops survived by sprouting new shoots near the 
ground. This phenomenon lowers the mean value for 
height of living alders. Except during the very first 
years, the alders at Riksdagsytan always gave a less 
vigorous impression than those at Skallarimheden. 
although the variation among individual alders was 
considerable at  Riksdagsytan. 
Kiuhtisvaara 
At Kiuhtisvaara. the survival of the alders was initial- 
ly fairly high. ranging from 62 to 97% in the various 
plots (Table 8). The survival was somewhat higher in 
ploughed than in untreated plots but no differences 
between provenances were seen. Some of the deaths 
Survival (9%) after 
Prov- Height ( m )  
Plot enance l year 6 years1) after 6 \ears1) 
1 Harads 62.4 12.0 0.26ir0.04 
11 Harads 85.6 8.0 0 .23 i0 .03  
I2 Kihlanki 70.4 4.8 0.03ir0.01 
3. P Harads 92 17.6 0.17i0.02 
13. P Harads 85.6 11.2 O.lOi0.02 
7. P Kihlanki 96.8 18.4 0.14+0.02 
17. P Kihlanki 88.8 28.8 0.09+0.01 
'' Revision on 20th June 1985. i.e. nearly 6 years after 
planting. 
among the alders were probably due to reindeer da- 
mage, since several uprooted plants were found. Dur- 
ing the third year after planting, the survival de- 
creased to less than 40%. as judged from a superficial 
inventory. One poss'ible explanation is that in early 
June of the third year. there was a rapid shift from 
daily maximum temperatures as high as about 20°C 
to daily minimum temperatures below 0°C (data from 
the Swedish Meteorological and Hydrological Insti- 
tute. Station Pajala: Anonymous. 1986). Living 
plants had only tiny brownish-green leaves and usual- 
ly only small, basal shoots. During the sixth growing 
season at the site, about 5-3070 of the planted alders 
were alive (Table 8). The survival rate was higher in 
ploughed than in untreated plots. The height of the 
alders was, however, on average lower than at plant- 
ing. Often, the tops had died and measured heights 
were due to  basal sprouts with mostly tiny leaves. 
Alders planted very close to a boulder o r  a fallen log 
were often more vigorous than more exposed plants, 
which suggests that the microclimate of the alders 
was important at the site. No differences in vigour 
were observed between alders planted on west-facing 
and east-facing slopes of the furrows in the ploughed 
plots. In plots with untreated soil, roadside plants of 
the provenance Kihlanki (very close to the site Kiuh- 
tisvaara) had poorer survival and plant height than 
nursery-grown alders of the provenance Harads 
(from a more southerly area at lower altitude). How- 
ever, within ploughed plots there were no clear differ- 
ences between the two provenances. 
Haradsheden 
At Haradsheden, the survival of the alders (Fig. 3 )  
decreased to about 70% during the first two years and 
then more slowly to about 60% after 7 years and 
nearly 50% after 9 years. There were no differences in 
survival between alders of the two provenances o r  the 
0- 
0 2 4 6 8 
years after planting 
Fig. 3. Survival of A.  incana planted at Haradsheden. 0. 
plots no. 4+14: 0. plots no. 7+9: 0. plot no. 17: V, plot 
no. 18. Further details on experimental design are given in 
Table 3. 
0- 
0 2 4 6 8 
years afler planting 
Fig. 4. Height of A .  incanu planted at Haradsheden. Sym- 
bols as in Fig. 3. R f SE given. unless SE is smaller than the 
symbol. 
two types of plants (roadside or nursery-grown) or 
between alders in fenced and non-fenced plots. The 
height increase (Fig. 4) was initially faster in plots no. 
7 and 9 (nursey-grown plants) than in plots no. 4 and 
14 (roadside plants), but was then similar in all plots 
studied. The alders usually had fairly large but thin 
leaves on the slender shoots. Because of this, the 
alders gave a slight impression of being shade plants 
at the site. 
Survival and growth of Lupinus spp. 
Skallarimheden 
The development of planted L. nootkatensis at 
Skallarimheden was very good (Fig. 5). The survival 
was very high and the plants reached their final 
height and number of stems per plant after 4 years. 
After 5 years each plant covered on average an area 
nearly 1 m in diameter. Two years later it was no 
Years a f l e r  p l a n t i n g  
Fig. 5. Survival. height and flowering of L.  noofkutet~ci~ planted at Skallarimheden. Total bars show survival and dotted areas 
of bars show lupins with pods. Curve shows i for height of lupins (SE sn~aller than the symbols). 
longer possible to  distinguish between original and 
self-sown lupin plants within the plot. The ground 
was completely covered by lupin shoots. After 8 years 
the ground-layer (mostly lichens) had more or  less 
disappeared under the very dense lupin cover. The 
above-ground biomass of one average-sized plant in 
mid-September 1983 (6 years after planting) was 584 
g dry mass, containing 4.3 g Kjeldahl-N. This corre- 
sponds to  2 595 kg dry mass ha-' and 19 kg N - ha -' 
at a spacing of 1.5 by 1.5 m.  
Flowering and seed production began in the second 
year, and from the fourth year and onwards all full- 
sized plants produced seeds. The seed production per 
plant was estimated after 6 and 7 years (one plant per 
year). In the first sample, 28 out of the 46 shoots had 
on average 24.1 pods containing on average 8.7 
seeds. In the second sample, the plant had 70 shoots 
with pods. On each shoot there were 18.4 + 1.3 (i + 
SE: range 1-49) pods containing 7.1 f 0.1 (range 
1 - 11) seeds. This gives averages of 5871 and 9145 
seeds produced by the two plants. respectively. The 
potential for generative reproduction by L. nootkaten- 
sis at Skallarimheden was thus very high. 
Self-sown plants of L. nootkatensis were first ob- 
served after 3 years, when a total of 43 seedlings was 
found within the plot (Lundmark and Huss-Danell 
1981). One year later 40.3 and 44.4 seedlings m-2 (2 
random samples) were found within the plot. Assum- 
ing that this density was valid for the entire plot. a 
total of about 4700 self-sown lupins should have 
been produced in the plot ( 1 0 . 5 ~  10.5 m). This figure 
seems reasonable with regard to  the preceding year's 
seed production in the plot. In that year. a total of 32 
plants had on average 9.2 shoots bearing pods. As- 
suming that each such shoot had 20 pods containing 
8 seeds (cf. above) the total seed production would 
have been 47 100 seeds. which is 10 times the estimat- 
ed number (4 700) of self-sown lupins in the plot the 
following year. 
Kiuhtisvaara 
At Kiuhtisvaara. planted L. nootkatensis had 99.2 
and 95.2% survival 1 and 3 years after planting. re- 
spectively. All plants flowered in the third year. By 
this time. the plants had also reached what seems to 
be their final size (about 0.8 m high and some 40 
shoots per plant) in northern Sweden. Sown plants of 
L. nootkatensis also developed well (Table 9). As an 
example. 80% of the. seed spots contained plants 3 
years after sowing. These plants were on average 0.7 
m high and had a large number of pod-bearing 
shoots. 
By their sixth growing season at Kiuhtisvaara. 
both planted and sown L. nootkatensis had developed 
tremendously. Older plants (planted or  sown in 1979) 
often covered an area 0.5- 1.5 m in diameter. Under 
the dead lupin shoots from previous years. mosses 
had often occupied the bare soil of the ploughed 
furrows. Seed production had been high. as judged 
from the large number of remnants of pod-bearing 
shoots and from the innumerable self-sown lupins 
found at the site. The self-sown lupins had estab- 
lished in the bare mineral soil, as well as in the 
untreated soil between ploughed furrows. Also self- 
sown plants had become old and large enough to 
produce seeds. 
Germination of L. urcticus was poorer than that of 
L. nootkatensis at Kiuhtisvaara. Only 10 and 40% of 
original seed spots in the two L. arcticus plots con- 
tained plants during the sixth year, compared to 
about 80% for L. nootkatensis (Table 9). Plants of L. 
urcticus were smaller than plants of L. nootkatensis. 
During the sixth year. plants of L. urcticus in the 
original seed spots covered an area about 0.5 m in 
diameter. Self-sown plants were very numerous. but 
were more often situated close to  an old plant than 
was the case for self-sown plants of L. nootkutetnis at 
the site. 
Haradslzederz 
At Haradsheden, the survival of planted L. nootka- 
tensis was initially 65 to 95% but decreased during the 
following years to  0. 8 and 10% in plots no. 2 (Fig. 6). 
3 (Fig. 7 ) .  and 16. respectively. The average height of 
the plants reached only about 0.3-0.5 m and the 
number of shoots per plant was commonly 1 to 10. 
The devlopment was thus not as good at Haradshe- 
den as at Skallarimheden and Kiuhtisvaara. Shoots 
with pods did not occur every year in all three plots. 
So far, only one self-sown plant has been found. 
Planted L. polyphyllus survived only the first summer 
at the site. 
Seeds of L. urcticus did not germinate sufficiently 
to establish at Haradsheden (Table 9). The annual 
lupin L. luteus germinated very well (Table 9) but was 
very heavily grazed, presumably (fenced plots, sharp 
bites, droppings) by mountain hare (Lepus timidus L . )  
A few plants reached the flowering stage. but none 
produced seeds before freezing. Lupinus luteus was 
not able, therefore. to  establish at Haradsheden. 
Seeds of L. polyphyllus also germinated very well at 
Haradsheden (Table 9). After one growing season, 
plants were found in all seed spots in the limed plot 
and in 75% of the seed spots in the untreated plot. 
Some seeds also germinated during subsequent years. 
Table 9. Development of sown lupins on degenerated forest soil. Lupin species: L.a. = Lupinus arcticus. L. 1. = L. 
luteus. L.n. = L. nootkatensis. L.p. = L. polyphyllus. Years after sowing means No. ofgrowing seasons. 2 t SE 
given. - = not determined. gr = gruzed 
- 
Study site 
Plot 
Kiuhtisvaara 
8 
16 
Haradsheden 
I 
-- - - 
Frequencq 
Years of seed 
Lupin after spots with Plant height 
species sowing plants (a )  ( m )  
- - 
L.U. 
L.u. 
L.17. 
L.  17.  
L.U. 
L.I. 
L.p. 
L.1 
L.p .  
No. of shoots 
No, of shoot5 w ~ t h  pods per 
per seed spot seed spot 
with plants with plants 
I 6 9 0.01 i 0  1 .020  0 
7 0 0 0 0 
3 0 (plot abandoned) 
0.09. gr 
0 
(plot abandoned) 
0.11 iO.O1 
0.06i0.01 
0.07i0.01 
0.05k0.01 
0.12i0.01 
0.11 i 0 . 0 5  
0.05tO.02 
0 
(plot abandoned) 
1 100.0 0. 12. gr -. gr 
2 0 0 0 
3 0 (plot abandoned) 
1 74.5 0 . 0 6 f  0.01 - 0 
2 13.6 0 . 0 4 ~ 0 . 0 1  - 0 
3 5.5 0 . 0 6 i  0.01 - 0 
4 0 0 0 0 
5 0 (plot abandoned) 
') Revision on 20th June Instead of mid-September " estimated value " determined on a subsample of n = 10 
Fig. 6. Years after planting 
Figs. 6 - 7 .  Surv~val. he~ght and flowering of L. tzoorkutrr~sis planted in plots no. 2 (Fig. 6 )  and no. 3 (Fig. 7)  at Haradsheden. 
Total bars show survibal and dotted areas of bars shou lupins with pods. Curves shou height of lupin plants with 1 & SE 
given (unless SE is smaller than the s\mbol). gr = grazed. 
1 2 3 L 5 6 7 8 9 
Fig. 7. Years after planting 
In spite of this, the number of seed spots with lupins 
decreased rapidly from year to year. After 4 years L. 
polyphyllus was no longer found in the untreated plot 
and after 8 years the species was not observed at the 
site at all. The average height of the plants was sel- 
dom more than 0.1 m and flowers and pods were 
never observed. L u p i n u s p o ~ ~ ~ h y l l ~ r s  was thus not able 
to establish at  Haradsheden. 
Sown L. nootkutensis developed very well in the 
limed plot at Haradsheden (Fig. 8). About 80% of the 
seed spots had plants during all 10 years. The average 
plant height increased gradually from about 0.1 m 
after 1 growing season to about 0.6 m after 5 years. 
Pod-bearing plants were observed from the third year 
onwards. After 7 and 8 years a large number of lupins 
had such a size that adjacent plants touched each 
other (spacing of seed spots was I x 1 m). but in the 
two following years plants were again smaller. Self- 
sown lupins were observed in the plot from the sev- 
enth year and onwards. 
Development of sown L. nootkutensis was less suc- 
cessful in the untreated plot (Fig. 9) which was start- 
ed at the same time as the limed plot (Fig. 8).  About 
65% of the seed spots produced plants in the first 
growing season. This frequency gradually decreased 
to only 3% after 10 years. The plant height (<0.25 m) 
was also inferior to that of lupins in the limed plot. 
Shoots with pods were found only occasionally 6. 7. 
and 9 years after sowing. No self-sown lupin plants 
have been observed so far. 
The superior development of L. motkatensis in the 
limed plot might be due to  the lime. the mixing of 
mineral soil which was done at liming or  both. TO 
study the importance of mixing the mineral soil. a 
new pair of plots was sown with L. nootkutensis in 
September 1979 (Table 5). In one plot the mineral 
soil in the seed spots was mixed as in the limed plot, 
but without adding lime. Seed spots in the other plot 
were left untreated. After 1 year 62 and 48% of the 
seed spots had plants in the treated (Fig. 10) and 
untreated (Fig. 11) plots. respectively. A few years 
later the survival of plants in the two plots was fairly 
similar. The lupins were taller in the treated plot 1-4 
years after sowing. It thus seems that mixing the 
1 2 3 4 5 6 7 8 9 10 
Fig. 8. Years after sowing 
Figs. 8-11. Establishment of L.  noorh-utrr~sis own in plots no. 5 (Fig. 8) .  no. 12 (Fig. 9). no. 15 (Fig. 10) and no. 6 (Fig. I I )  at 
Haradsheden. Total bars show frequenq of seed spots ha\mg planti. Dotted areas of bars shou lupins w t h  pods. Curves 
show height of lupin plants with k f SE given (unless SE is smaller than the symbol). gr = grazed. 
Fig. 9. 
1 2 3 L 5 6 7 8 9 10 
Years after sowing 
Fig. 10 
Fig. 11 
mineral 
years at 
positive 
1 2 3 L 5 6 7 
Years after sowing 
Years after sowing 
soil was of positive value during the first production in several lupin plots at Haradsheden. 
the site. but can not completely explain the The grazing was mainly ascribed to mountain hare. 
effect of adding lime into the mineral soil at 
sowing. 
Except for the heavy grazing on L. luteus, damage Presence of Rhizobium lupini in forest soil 
to lupins was generally small. Mostly only the leaf That limited spread of the nitrogen-fixing bacterium 
lamina was nibbled off from the petiole. but shoots R. lupini occurs in forest soil was seen at  Skallarimhe- 
were otherwise intact. However. in some years (espe- den. There. nodulation was examined on self-sown L. 
cially 1983 and 1984) grazing reduced height and seed nootkatensis 0-5 m outside the edge of the lupin plot. 
In 1983, 14 out of 21 examined seedlings were nodu- 
lated. In 1984. 1985. and 1986 all examined seedlings 
beyond the cotyledonary stage (n = 64. 183. and 650. 
respectively) were nodulated. 
In the culture tubes containing collected forest soil 
(Table 6). some 30 lupin seedlings per soil sample 
developed. The seedlings had several true leaves and 
the cotyledons were all senescent at harvest of the 
experiment. All seedlings growing in forest soil and 
all seedlings growing in tubes with sterile perlite 
lacked nodules. In contrast. seedlings growing in lu- 
pin soil were all nodulated. which is good evidence 
that the growth system used did permit nodulation to 
occur if there was a sufficient number of Infective R. 
lupini in the soil. Apparently the studied forest soils 
did not contain a detectable number of infective R. 
lupini. 
Effects of adding alder leaves to the soil 
The yearly supply of alder leaves to  experimental 
plots at Haradsheden affected the lichen-rich ground 
layer. After 6 years the lichen thalli (Cladonia spp.) 
were larger in all plots supplied with alder leaves than 
in control plots. In the plot "2000". the lichen-domin- 
ated ground layer also contained some mosses (Pohlia 
nutans (Hedw) Lindb. and Pobtrichum juniperinum) 
and some single plants of Deschampsia ,flexuosa (L.) 
Trin. In the plot "3000". about 70% of the area was 
still covered by Cladonia spp.. while about 20 and 
10% of the area was covered with remnants of alder 
leaves and with mosses (see above). respectively. In 
addition. there were a few plants of D. flexuosu. 
Table 10 shows the effects on soil characteristics. 
The depth of the humus layer was 0.5 cm in control 
plots but 1.5 cm in plots that had received 1000- 
3000 kg dry mass leaves.ha-'. The pH of the humus 
layer increased in plots receiving at least 750 kg dry 
mass 1eaves.ha-' and was more than one unit higher 
in the plots "2000" and "3000" than in the control 
plots. Additions of 3 1  000 kg dry mass leaves.ha-' 
had doubled the dry mass of the humus layer. 
Carbon as a percentage of dry mass in the humus 
layer varied. but total mass of carbon per ha was 
increased over the control in all plots. and in the plots 
"2000" and "3000" it reached values twice as high as 
in the control plots (Table 10). The N-percentage of 
the humus layer was 0.65% in control plots. but gra- 
dually increased to 1.38% of dry mass in the plot 
"3000". There was a large effect on total amount of N 
in the plots. While control plots contained some 100 
kg N,,,.ha-'. the plots given alder leaves contained 
from 150 to 470 kg N,,,.ha-'. Amounts of NH4+ were 
less than 1 kg.ha-' in control plots. but 2-3 kg-ha-' 
in the p!ots "500" and "750". and as high as 20-30 
kg-ha-' in the plots "2000" and "3000". Traces of 
nitrate were seen only in the plots "2000" and "3000". 
The proportion of N,,, that could be mineralized 
(= available N) was very low ( < I % )  in control plots. 
In the plots "500" and "750", this value had increased 
to 1-2% and in the plots "2000" and "3000" it was as 
high as 5-8%. 
In the control plots, the degree of base saturation 
was about 30% in the humus layer (Table 10). In plots 
supplied with alder leaves. the value increased with 
increasing amounts of added leaves, reaching 65% in 
the plot "3000". Calcium and magnesium contributed 
most to this increase. as judged from analyses of 
single elements (data not shown). 
For the mineral soil (Table lo), the effects of ad- 
ding alder leaves to the soil were not as pronounced 
as for the humus layer. The amount of NH4+ was 
zero in control plots. but 4-6 kg.ha-' in the plots 
"500" and "750". and 11 - 12 kg.ha-' in the plots 
"2000" and "3000". The proportion of N,,,, that could 
be mineralized was also zero in control plots. but 
1.5-2.5% in the plots "500" and "750", and 3-5% in 
the plots "2000" and "3000". The degree of base 
saturation increased from about 10- 15% in control 
plots to  about 25% in plots supplied with alder leaves. 
Table 10. Soil characteristics resulting from six ),ears annual deposition of alder leaves in experimental plots at 
Harodsheden. Plot designations refer to dry mass (kg.ha I )  alder leaves supplied every year. Soil horizon 0-5, 
5-10 and 10-20 refer to mineral soil at 0-5, 5-10 and 10-20 cm depth, respectivel,j. - = not determined 
Minerali- Degree 
Dry zable of base 
mass C,,,, C,,, N ,,,, N,,, NH4+ NO,- N satu- 
Soil Depth (ton (410 dry (ton (410 dry 
Plot horizon (cm) pH .ha-') mass) ha-') mass) ha-') N,,,) (%) 
0, BIS 
A,, 
0- 5 
5- 10 
10-20 
Sum 
O2 BIS 
Ao 
0- 5 
5- 10 
10-20 
Sum 
500 BIS 
A,, 
0- 5 
5- 10 
10-20 
Sum 
750 BIS 
Ao 
0- 5 
5- 10 
10-20 
Sum 
1000 BIS 
A" 
0- 5 
5-10 
10-20 
Sum 
2000 BIS 
Ao 
0- 5 
5- 10 
10-20 
Sum 
3 000 BIS 
Ao 
0- 5 
5- 10 
10-20 
Sum 
Discussion 
In the present study. successful establishment of A .  tured than the other three sites (Table 2). The climate 
incana depended on site factors. Skallarimheden. of the sites seemed to be another important factor. 
with good development of alder. is more fine-tex- The poor survival of A .  incana at Kiuhtisvaara might 
be due to the cooler climate there as compared to 
Skallarimheden (Table 1). Also. Riksdagsytan has a 
cooler climate than Skallarimheden due to the higher 
altitude of Riksdagsytan. In spite of the limited 
number of sites we have studied. we can not at pre- 
sent recommend planting A .  incana on mesic sites 
with T,,, lower than ca 800 day-degrees. Soil nu- 
trients are also of importance for the development of 
alders. This is judged from a related study at Skalla- 
rimheden, where growth and the production of leaf 
litter and leaf litter nitrogen was enhanced by liming 
as well as by NPK-fertilization (Huss-Danell, 1986h). 
At Haradsheden, alders were planted in an old Scots 
pine stand. Competition for light, water and nu- 
trients (other than N )  might have been negative for 
the development of alders there. Alders lose a large 
part of their nutrients in the yearly leaf litter fall 
(Saarsalmi et al. 1985) while pines keep their needles 
for several years and may, therefore. conserve their 
nutrients better than alders. 
The survival and growth of A .  incanu were not 
much influenced by fencing the plots or by use of 
different provenances o r  types of plants. On the other 
hand. it is likely that variation in early survival 
among plants at a site could be due to the amount of 
soil adhering to the root system at planting. A larger 
clod of soil (roadside plants) or nutrient-rich peat 
(nursery plants) would give a better mechanical pro- 
tection of the roots at planting and also a richer 
nutrient supply during the first season(s). In a separ- 
ate study at Skallarimheden (Huss-Danell. 1986b). it 
was shown for nursery-raised alders that root growth 
was much greater than shoot growth the first year 
after planting. which indicates that these plants had 
- 
to adjust to a nutrient-poor soil. 
Among the lupins, L. nootkatensis was the only 
successful species in the comparative study at Ha- 
radsheden, and at Kiuhtisvaara L .  nootkatensis per- 
formed better than did L .  arcticus. In Alaska and 
British Columbia, where L .  nootkatensis is native. the 
plants are 0.4 to 1 m tall at favourable locations and 
barely 0.1 m in areas of severe exposure (Dunn & 
Gillett. 1966). The size of L .  nootkutensis in northern 
Sweden is thus in good accordance with values from 
the areas where the species is native. In the experi- 
ments at  Haradsbeden, the establishment of sown L. 
nootkatensis was facilitated by liming and, to some 
extent, also by soil scarification. It is commonly ar- 
gued that liming is a positive factor for development 
of legumes. although it varies between species and 
soil conditions (Munns. 1977). The lime effect on 
legumes has been ascribed to specific effects of 
Ca2+-ions on the infection and nitrogen fixation pro- 
cesses. to raised pH-values in the soil. and to in- 
creased availability of other nutrients, especially 
phosphorus (Dixon & Wheeler. 1983). The soil scari- 
fication was expected to  give more favourable tem- 
perature conditions and decreased root competition 
from the vegetation already present. Shading was a 
negative factor for development and nitrogen fixation 
of L. arboreus (Sprent. 1973; Sprent & Silvester. 
1973). The more successful development of lupins at 
the open sites Skallarimheden and Kiuhtisvaara than 
at the shaded site Haradsheden is in good agreement 
with that observation. However. Haradsheden also 
differed in having a pine stand competing with the 
lupins for water and nutrients. 
Alders in a reproductive stage were found only at 
Skallarimheden. but so far. propagation has only 
been by root suckers and not through seedlings. The 
alders that were raised in the nursery were thus 7 
years old when the first individuals formed root 
suckers and 9 years old when flowering for the first 
time. For the more heterogeneously-aged roadside 
plants, the corresponding ages were 2 8  and 3 9  
years. respectively. Lupinus nootkatensis. on the other 
hand. very soon (2-4 years) reached an impressive 
sexual reproduction potential. These reproduction 
habits should be considered when conifers are to be 
planted in plots with A.  incuna and L.  nootkurensis. 
At open sites, like Skallarimheden o r  Kiuhtisvaara. 
the conifers should be planted early. probably al- 
ready before the lupin. Otherwise the thick mat of 
lupin shoots will compete too much with the conifer 
plants. In alder plantations, however. we d o  not see 
the same need for an early planting of conifers. The 
alders grow merely in height rather than in width. 
and will thus give more space for conifers than the 
easily spreading L. nootkatrnsis. Most likely the 
alders must later on be removed by cleaning, while it 
might be possible to outcompete lupins by shading. 
Such outcompeting by shading is being practised in 
plantations of Pinus radiata having an understorey of 
L. arboreus in New Zealand (Gadgil, 1983). Lupinus 
nootkatensis seemed able to produce a large seed-bank 
in the soil. Some of these seeds are expected to  germi- 
nate after many years when the conditions for seed 
germination become favourable. During the course 
of this study. seeds sown at Haradsheden in 1977 
germinated every year, including 1985, that is after 8 
years. Such late germination is. of course. an advan- 
tage in that the lupin can recover at a site when the 
conifer stand is thinned (Gadgil. 1983). However. it 
may become difficult to get rid of the species from a 
site where it has been introduced. 
When making a choice between A .  incana and L. 
nootkatensis for soil restoration. we see advantages 
and disadvantages with both species. Lupinus rlootka- 
temis seemed hardier than A .  irzcuna (Kiuhtisvaara). 
Alnus incana is native in the area while L. nootkatetls~s 
is an introduced species. Lupins. in general, are poi- 
sonous (Davis. 1982: Hatzold et al.. 1982: Schoene- 
berger et al.. 1982) and L. nootkatensis is claimed to 
have a rather high alkaloid content (Arnalds. 1979). 
Sheep kept on a diet of L. nootkatensis lost weight and 
became ill (Arnalds. 1979). The high reproductive 
potential of L .  rzootkaterlsis may make it difficult to 
keep the species within a designated area. The alder 
gives, in addition to its soil improvement. some pro- 
duction of wood for fuel o r  pulp. but the lupins d o  
not. Lupins are easier and cheaper to  etablish as they 
can be sown directly at the site. So far. we can only 
recommend establishment of A .  irlcurla by planting. 
The lupins need. however. to be inoculated with the 
proper type of Rhizobium since this organism was 
apparently absent from the studied forest soils. A 
similar experience was also reported from Iceland 
(Arnalds. 1979). Freezing and low pH of soil are 
likely to impair survival and growth of rhizobia 
(Lindstrom et al.. 1985: Lindstrom & Myllyniemi. 
1987). Inoculation of lupins is easily done by mixing 
the seeds with a R. lupini-culture. with soil. o r  with 
crushed root nodules from a site with nodulated lu- 
pins. The lack of R.  lupini opens the possibility to 
introduce strains with high nitrogen fixation capacity 
(Caradus & Silvester. 1979. As to  A .  incana. on the 
other hand. infective and nitrogen-fixing Frankia was 
found in all studied types of forest soils, including the 
degenerated soil at Skallarimheden (Huss-Danell & 
- Frej. 1986). and inoculation of the alder seedlings in 
the nursery is therefore not neccessary. However, 
inoculation of alders in the nursery eliminates the 
time needed for nodulation in the field. and the alders 
can start their growth more rapidly. Inoculation is 
simply done by watering the alder seedlings with a 
suspension of pure cultures of Frankia. a suspension 
of soil or a suspension of crushed root nodules from 
nodulated alders (Berry & Torrey. 1985; PCrinet et al. 
1985; Huss-Danell. 19866). 
The simulated supply of alder leaves to the experi- 
mental plots at Haradsheden gave a clear effect on 
the soil characteristics as early as 6 years later. The 
results give some indications about possible benefi- 
cial effects of alder plantations. We regard 500 to 
1 000 kg dry mass of leaf litter per ha to be a realistic 
supply from a dense alder stand. This judgement is 
based on data from the shoot litter traps operated in 
natural alder stands near the study sites at Skallarim- 
heden and Haradsheden (Lundmark & Huss-Danell. 
198 1). Another basis for the judgement is a separate 
study at Skallarimheden. where the best performing 
A .  incana plots (planting pits were limed at planting) 
produced 440-710 kg dry mass leaf litter.ha-'.year-' 
as early as 6 years after planting (Huss-Danell. 
198663. Depending on the age, density and soil char- 
acteristics of the stands. Schalin (1966) found the 
yearly leaf litter production from A .  incana in Finland 
to be 450-3 100 kg dry mass per ha. From Alaska. 
van Cleve et al. (1971) reported a yearly foliage pro- 
duction of 1600-2 100 kg per ha for A .  incana ssp. 
tenuifolia. A yearly leaf litter fall of 500- 1000 kg dry 
mass per ha would correspond to about 10-25 kg N 
pe ha and year. This value is similar to  the estimate of 
the above-ground litter nitrogen produced by full- 
sized lupins at a spacing of 1.5 by 1.5 m at  Skallarim- 
heden ( 19 kg N.ha-'.year-'). In addition to  the above- 
ground production of litter. a considerable below- 
ground production of litter from both A .  incana and 
L. nootkatensis also takes place. The ratio between 
above-ground an below-ground litter production is 
not known. In laboratory experiments, young. nitro- 
gen-fixing. A .  incana released almost all of its nitro- 
gen in the form of shoot litter (Huss-Danell. 1986~) .  
However. in nature. the root system is influenced by 
stress factors such as drought and freezing, and by 
micro-organisms and animals. It is likely that p ~ o -  
duction of root litter. and possibly also root exu- 
dates. is higher under such conditions (Hale et al., 
1978). 
The simulated supply of alder leaves at Haradshe- 
den was done repeatedly over only 6 years. and a 
longer period would. of course. increase the effects. 
On the other hand, green leaves were used rather 
than leaf litter and the nitrogen percentage was 
higher (nearly 3% of dry mass) than in more or  less 
leached leaf litter collected from planted alders at 
Skallarimheden (mostly 2-2.5% of dry mass; Huss- 
Danell, 19866). The important effect of the supply of 
alder leaves was the build-up of a thicker humus layer 
with a comparably higher pH, a higher degree of 
base saturation, and a higher content of carbon and 
nitrogen (Table 10). Additions of 2 1  000 kg dry 
leaves. ha-' increased the organic material and N,,, in 
the humus layer to values approaching reference 
values for non-degenerated dwarf-shrub sites in 
northern Sweden (cf. Table 10 and Table 2). This 
build-up of the humus layer increases the soil biologi- 
cal activity and, consequently. gives higher capacity 
for the humus layer to deliver available nitrogen and 
other nutrients to plant roots. We can thus conclude 
that the planting of alder will be an effective means 
for soil restoration. To what extent a conifer (pine) 
plantat ion can  utilize t h e  improved  soil condit ions also be impor tan t  t o  find p r o p e r  management  sys- 
will be  judged f r o m  f u t u r e  experiments.  Pot  experi- tems. s o  t h a t  t h e  microclimatic effects of a lder  a r e  
ments  with conifers  showed beneficial effects of fully utilized without  t o o  m u c h  competi t ion between 
alder ,  b o t h  f r o m  the  a lder  roo t  system (Virtanen.  alders a n d  conifers f o r  iight. water  a n d  nutr ients  
1957) a n d  f r o m  a lder  leaf litter (Mikola .  1958). I t  will (o ther  t h a n  N )  a t  a site. 
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